Background Malignant mesothelioma reportedly shows different epidemiology and pathology in females, and a proportion are believed to arise spontaneously. Methods One hundred and seventy seven cases of malignant mesothelioma in females were reviewed, examined by histochemistry and immunohistochemistry, assessed for asbestosis and lung fibre burden by transmission electron microscopy with energy dispersive x ray analysis, and compared with 31 female
Background Malignant mesothelioma reportedly shows different epidemiology and pathology in females, and a proportion are believed to arise spontaneously. Methods One hundred and seventy seven cases of malignant mesothelioma in females were reviewed, examined by histochemistry and immunohistochemistry, assessed for asbestosis and lung fibre burden by transmission electron microscopy with energy dispersive x ray analysis, and compared with 31 female controls. Results Two of one hundred and three cases tested for carcinoembryonic antigen were positive and were excluded from further analysis. Tumour cases showed increased amphibole burdens; in those in whom exposure information was known, 74 (80%) of 93 patients had a history of exposure to asbestos. Seventy two (47%) of 152 patients had lung fibrosis. Tumour site and histological type were little different from those reported in adult males. Mixed type histological pattern, lung fibrosis, and peritoneal site were associated with heavier lung asbestos burdens, but not exclusively. Thirty five (30%) of 117 patients had amphibole burdens of less than 2 x 106 fibres/g; the sites affected and the histological pattern of tumours in this group were similar to those in cases with amphibole fibre counts of > 2 x 106lg lung. A higher lung amphibole burden than the mean burden in control females was found in 115 (98%) of 117 patients tested.
Conclusions The pathology of malignant mesothelioma appears to be similar in women and in men, and in cases associated and unassociated with asbestos. (Thorax 1993; 48:269-274) Malignant mesothelioma in females is well recognised, although there has been only one exclusively female series (of 52 cases) previously reported.' Published material indicates that it is 2-10 times less common in females,23 although in populations which have little or no exposure to asbestos the incidence is more equal. 4 The static incidence rate of malignant mesothelioma in females compared with the rising incidence in males (related to the use of asbestos in industry) has led to suggestions that a significant proportion of the tumours in women are "spontaneously occurring" and unrelated to asbestos exposure. The proportion of cases of malignant mesothelioma with a history of occupational exposure to asbestos is less in women than in men, varying from 5-4% in women and 40% in men in Quebec5 to 17% in women and 82% in men in Norway.6 Occupational histories may overestimate or underestimate exposure to asbestos depending on the types of cases involved and the rigour of the investigations. Mineralogical evaluation of lung tissues is extremely helpful in verifying or refuting the accuracy of occupational exposures. To date there have been few published data in female cases of malignant mesothelioma.
The proportion of cases of malignant mesothelioma affecting the peritoneum is reported to be greater in females,78 ranging from 15% in females and 7% in males in a review of 4710 cases,9 to 39% in North American females and 22% in males.'0 However, a UK series of 246 cases showed almost identical site distributions in both sexes." Histological subtyping showed no significant differences between males and females in two UK series,'2 13 but one study of pleural tumours showed the epithelial type to represent a greater proportion in females (76%) than males (37%),14 and this preponderance of epithelial type was also seen in a Canadian study (females 59%; males 39%).15 Differential exposure to different types of amphiboles has been proposed to explain these differences, but again with little or no corroboration by mineral analysis of lung fibre burdens.
In this study of 177 women we examined the histopathology of malignant mesothelioma and measured the mineral fibre content of their lungs by transmission electron microscopy (TEM) with energy dispersive x ray analysis using an "EDAX" machine. The lung fibre counts were compared with those in 31 female controls. To the best of our knowledge this is the largest series reported.
The objectives of the study were to determine the site and histological profile of malignant mesothelioma in females, to correlate the lung mineral fibre content with the type of exposure to asbestos, and to investigate the possibility of a subpopulation within the female gender of malignant mesothelioma unrelated to asbestos exposure. Of the cases of malignant mesothelioma, 98% had lung amphibole counts greater than the mean count in the controls; 78% of all cases of malignant mesothelioma had lung amphibole counts greater than 1 x 106 fibres/g dried lung and 89% of these had lung amphibole counts greater than 2 x 106 fibres/g dried lung.
Methods
Of the 105 tumours of known site from which lung tissue was examined by TEM, the spindle type), with a reduction in the proportion of epithelial type. The lowest mean age of death was seen in the neighbourhood exposure group (48-5 years), again 12 years younger than the malignant mesothelioma group of patients as a whole.
Measurements of 78 cases with exposure information showed the heaviest amphibole burden in those cases with direct occupational exposure. Only one of the 14 cases with no history of exposure had lung containing no amphiboles, and four of the 14 had total amphibole counts of > 2 x 106 fibres/g dried lung tissue.
Discussion
The interpretation of the results of the histological and mineralogical data provided by this study must be tempered by the knowledge that it is a referred population, and therefore not completely representative of any community over the period studied. It is also heavily biased by the inclusion of groups such as wartime dockyard and gas mask workers, who suffered very heavy exposure to asbestos. The study is further restricted by deficiencies in the amount of material available for study, and in the completeness of exposure data and other information for which we were dependent on our referring bodies. These limitations notwithstanding, the study provides the largest database of malignant mesothelioma in females yet reported. does not seem to be reflected in our study.
The suggestion in one series'0 that all cases of malignant mesothelioma occurring in patients with no history of exposure are of epithelial pattern is not borne out by our finding of 47% epithelial:26% mixed:16% spindle pattern in The high mean amphibole burdens may reflect the high proportion of patients with a history of exposure to asbestos (74 of 93 of those with known history) and the heavy exposures of a large number of the cases. Twenty one of our women were gas mask workers; a further seven (of unclassified exposure) represented seven of the eight highest total amphibole burdens in our study (each in excess of 1000 x 106 fibres/g dried lung). As one might expect, studies of occupational groups of workers have shown higher amphibole burdens-for example, gas mask workers,38 asbestos process workers,32 cement workers,39 and textile workers40 -than were found in a more general survey of patients with malignant mesothelioma. 4' Only five of 14 patients with no history of exposure were found to have amphibole counts equal to or less than the highest counts in the control series, while four had counts of ) 2 x 106 fibres/g dried lung tissue, indicating that occasionally unrecognised exposures occur. These apparent anomalies indicate the inherent unreliability of exposure history and add weight to the recommendation that TEM of lung fibre burdens should be performed in assessing disease association with asbestos exposures.28
Of the patients tested in this series, 98% showed amphibole burdens greater than the mean for the female controls. No amphiboles were detected in 2% of patients compared with 63% of controls. This is similar to the findings in a previous UK study of malignant mesothelioma in 1976, which found 5% of cases with no amphiboles compared with 20% of controls (males and females).42 In this series, 35 (30%) of 117 female patients had amphibole levels lower than 2 x 106 fibres/g dried lung, and these might be considered spontaneously arising tumours. The use of the TEM lung fibre count to define spontaneously arising malignant mesothelioma is difficult and arbitrary, however, because studies of control populations occasionally show counts in the region of 2 x 106 amphiboles/g dried lung.
Five of our cases with lung fibre counts below 2 x 106 amphiboles/g dried lung had levels of chrysotile higher than the highest control (highest control 20 1 x 106 chrysotile fibres/g dried lung; five cases 21 5-111-7 x 106 chrysotile fibres/g dried lung). There were no cases with a high chrysotile count that did not have contaminating amphiboles, so no cases of malignant mesothelioma could be attributed with certainty to the presence of chrysotile alone. In control males, levels of up to 50 x 106 chrysotile fibres/g dried lung are not infrequently encountered. Epidemiologically there have been few cases of malignant mesothelioma associated with pure chrysotile exposure, and these have been attributed to contaminating amphiboles.5 4345 The two cases with no amphiboles and a chrysotile count similar to control values add to the small number of reports of cases of malignant mesothelioma shown by electron microscopic fibre analysis to have no amphiboles and low chrysotile burden,28 36 
